Molecular and phenotyping techniques were applied to study Salmonella enterica serovar Enteritidis strains both from human cases of infection and of avian origin isolated in Uruguay from 1995 to 2002. A group of 62 isolates was subjected to random amplified polymorphic DNA (RAPD) assay and analysis of antibiotic resistance patterns. Twenty-one of these strains were further characterized by phage typing and analysis of their protein expression profiles. RAPD fingerprinting with five different primers discriminated 10 different genetic profiles. Of the 62 strains tested, 48 had a single major genetic profile, whereas the other nine profiles were evenly distributed among the other strains. The genetic diversity was greater among strains of animal origin than among isolates of human origin. Comparative examination of the results obtained by RAPD analysis and phenotypic analysis and by strain source provided evidence of the reliable discriminatory power of RAPD analysis in our study. Six avian isolates with antibiotic resistance were detected: two were nalidixic acid resistant and four had a particular ␤-lactam resistance pattern. The last four isolates all had the same unusual phage type (phage type 4b); however, RAPD analysis differentiated them into two groups. Two isolates with unique RAPD profiles were recovered from distinct human cases, suggesting that the technique differentiates unrelated strains. Overall, the results show the existence of a predominant genetic type that is present in poultry and that is transmitted to humans. There are also several other genotypes, but only a few of them could be recovered from human sources, suggesting the existence of different pathogenic traits among strains circulating in the country.
Salmonella enterica subsp. enterica serovar Enteritidis is a major cause of food-borne disease, and during the last two decades it has been isolated worldwide in increasing numbers (13, 42) . Poultry and poultry-derived products, in particular, meat and chicken eggs, are considered important sources of human infection with this pathogen (38, 40) . In Uruguay, the first outbreak of Salmonella serovar Enteritidis occurred in 1995, and since then the number of isolates has increased. Until 1994, Salmonella serovar Enteritidis had only sporadically been isolated within the country, and Salmonella serovar Typhimurium was the serotype that was isolated the most frequently from all samples (16, 37) . The first outbreak of Salmonella serovar Enteritidis was associated with consumption of contaminated egg-containing food and affected an estimated 600 individuals countrywide (Uruguayan Ministry of Public Health). Since then the number of Salmonella serovar Enteritidis strains isolated annually has increased dramatically, and since 1997 it has became the most frequently identified serovar, accounting for more than 50% of all strains received each year at the National Salmonella Center (NSC) and for more than 85% of the strains from humans (our unpublished data). Although the health authorities have maintained a comprehensive policy of surveillance and reporting of every outbreak throughout this period, no detailed analysis of the strains had been performed, until now.
Epidemiological research on Salmonella spp. has traditionally been based on phenotypic approaches. Phage subtyping is a widely accepted method for the typing of Salmonella strains, and it has facilitated epidemiological tracing. However, for Salmonella serovar Enteritidis it has been found that most isolates belong to a limited number of phage types (PTs) (52) and that certain PTs prevail in different geographical locations, suggesting that the discriminatory power of phage typing might be too low for epidemiological analysis of Salmonella serovar Enteritidis. Furthermore, the requirement for specialized phage collections and bacterial strains for their propagation has resulted in a protocol that is routinely practiced in only a few reference laboratories. DNA-based methodologies have the potential for greater discriminatory power; a number of different molecular genotyping techniques such plasmid profile, ribotyping, IS200 profiling, pulsed-field gel electrophoresis (PFGE) (9, 36), and, more recently, PCR-based procedures (i.e., random amplified polymorphic DNA [RAPD] analysis, enterobacterial repetitive intergenic consensus sequence PCR, and fluorescent amplified fragment length polymorphism analysis) have all been applied to study outbreaks of salmonellosis (4, 9, 22, 25, 27, 31, 32) . Although a general consensus on a standard typing method has not been achieved so far, overall these approaches have provided useful insights into the evolutionary and epidemiological relationships of strains of several Salmonella serovars, including serovar Enteritidis (3, 8, 14) .
Since 1995, RAPD-PCR analysis (53, 54) has been used either to differentiate Salmonella serotypes or to distinguish strains within a single serotype (3, 5, 12, 15, 18, 31, 43, 47) . It offers good power for discrimination within several Salmonella serotypes, such as Dublin (20) , Panama (46) , Typhimurium (4), Typhi (43) , and Enteritidis (7, 21, 22, 24, 25, 28) . One appeal of this method is that a large number of arbitrarily selected primers can be tested to identify those that might be suitable for a particular application. Despite some concerns regarding the reproducibility of the procedure (22, 23, 49) , it has been postulated that when an appropriate set of primers is chosen, RAPD analysis may provide an alternative rapid, reproducible, and powerful method for the genetic typing of Salmonella serovar Enteritidis (24, 32) .
In this work, we report on the first molecular study of Salmonella serovar Enteritidis strains isolated in Uruguay. The reliable discriminatory power of RAPD analysis was demonstrated when strict criteria for interpretation of the results were used. We also compared the results of RAPD analysis with those of classical phenotyping methods and with the protein expression profiles. The results provide new insights into the genetic diversity of Salmonella serovar Enteritidis strains and suggest the existence of different pathogenic traits within strains circulating in the country. oxynucleoside triphosphates, 2.5 M primer, 1 U of Taq polymerase, and 10 l of DNA extract per 40 l of PCR mixture in 1ϫ PCR buffer (Gibco BRL, Gaithersburg, Md.). Amplification was performed in a PCR express machine (Hybaid, Ashford, United Kingdom) by using the following program: 4 cycles of 94°C for 4 min, 35°C for 4 min, and 72°C for 4 min and then 35 cycles of 94°C for 30 s, 35°C for 1 min, and 72°C for 2 min, followed by a final 10 min at 72°C. The PCR products (20 l of each sample) were loaded on 2% agarose gels (Ultrapure; Gibco BRL, Gaithersburg, Md.) and electrophoresed in 0.5ϫ Tris-borate buffer by using a 2-liter cube (Bio-Rad, Richmond, Calif.) and 10-cm gels at 140 V and 60 mA for 1.5 h. At least two lanes with a 100-bp ladder (Gibco) were included in each gel for reference. Gels were stained with 5 g of ethidium bromide per ml for at least 20 min and then rinsed in distilled water for another 15 min and observed under UV light. A digital image of the gel was captured in a computer, and the amplification patterns were evaluated by visual examination of inverted gel pictures.
To confirm the reproducibility of the method, each strain was assayed four times by two different operators who used newly prepared samples and who tested all five primers each time. All other experimental conditions remained unchanged, and a result was considered valid when the same pattern was obtained at least three times.
Antibiotic susceptibility testing. Antibiotic susceptibility testing was performed by the standard disk diffusion method in Mueller-Hinton agar (33) , and the results were interpreted in accordance with the criteria of the National Committee for Clinical Laboratory Standards (34). The strains were screened for resistance to the following antibiotics (Oxoid, Basingstoke, United Kingdom): ampicillin, nalidixic acid, gentamicin, trimethoprim-sulfamethoxazole, tetracycline, and chloramphenicol. Strains showing ampicillin resistance were further tested for their susceptibilities to cephalothin, cefoxitin, cefuroxime, ceftriaxone, ceftazidime, ampicillin-sulbactam, and amoxicillin-clavulanic acid. The doubledisk synergy test was used to screen for the production of extended-spectrum ␤-lactamases as described previously (19) . Detection of inducible ␤-lactamases was performed by the disk approximation test by placing a 30-g cefoxitin disk near ceftriaxone, ceftazidime, and cefuroxime disks, as described previously (26) . Strains showing nalidixic acid resistance were tested for their susceptibilities to ciprofloxacin. In all cases, Escherichia coli ATCC 25922 and ATCC 35218 were used as reference strains.
Phage typing. Phage typing was performed by using the Salmonella serovar Enteritidis phage typing scheme provided by the Laboratory of Enteric Pathogens, Public Health Laboratory Service, Central Public Health Laboratory, Colindale, United Kingdom (52) .
Protein profiles. Protein expression was evaluated with two different bacterial preparations: an outer membrane protein (OMP)-enriched fraction and a heatextracted (HE) fraction (35) , which is predominantly composed of flagella and other surface proteins. The OMP-enriched fraction was prepared as described previously (29), with modifications. Briefly, a 10-ml overnight culture of the strain in heart infusion broth (Difco, Detroit, Mich.) was harvested by centrifugation at 6,000 ϫ g for 20 min, washed with saline solution, and suspended in 0.8 ml of 10 mM sodium phosphate buffer (pH 7). The suspension was sonicated on ice with three pulses of 1 min each and centrifuged at 16,500 ϫ g for 1 min. The supernatant was collected and placed in a different tube, and the tube was centrifuged at 16,500 ϫ g for 30 min. The pellet was suspended in 1% Sarkosyl, incubated at room temperature for 20 min, and washed with 1% Sarkosyl in 10 mM sodium phosphate buffer (pH 7). The pellet was recovered by centrifugation at 16,500 ϫ g for 30 min and was suspended in 0.1 ml of Laemmli sample buffer. The samples were stored at Ϫ20°C until use. HE fractions were obtained from overnight cultures in 1% mannose LB broth, harvested by centrifugation at 1,000 ϫ g for 25 min, suspended in 1 ml of phosphate-buffered saline, and incubated for 1 h at 65°C. The samples were centrifuged, and the supernatant was recovered and stored at Ϫ20°C until it was used.
Protein extracts from different strains were all prepared at the same time and by the exact same procedure, and the protein concentrations in all samples were determined by the bicinchoninic acid method (Sigma) according to the instructions of the manufacturer. For comparative analysis, 20 g of each sample was resolved by standard one-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis on a 12% polyacrylamide gel by using a broad-range prestained protein marker (6 to 175 kDa; New England BioLabs, Hitchin, United Kingdom) in each gel. The gels were stained with silver nitrate, as described previously (44), and visually inspected.
A strain was assigned to a particular protein profile when it produced the same pattern at least three times, and two strains were considered to belong to different groups when they differed by at least three bands.
RESULTS
Reproducibility of RAPD assay. For analysis of the RAPD amplification patterns, only bands whose sizes fell between 200 and 2,000 bp were considered, since within this range all strains produced completely reproducible patterns, whereas bands outside this range had variations between different runs. Bands were considered present or absent regardless of their intensities, and patterns were considered different when they differed by more than two bands. By use of these criteria the method produced highly reproducible results and the strains could be consistently classified into well-defined groups.
RAPD characterization. All five primers used were able to discriminate different amplification patterns among the strains. Primers 23L and OPA-4 revealed eight different patterns (identified by the letters A to H, respectively), whereas OPB-15, OPB-17, and P1254 discriminated seven patterns each (A to G, respectively) ( Table 2 ). Figure 1 shows examples of the patterns obtained. With all primers about 80% of the strains had a single major pattern.
A RAPD profile identification was assigned to each strain by use of a five-letter code that refers to the pattern obtained with each primer (P1254, OPB-17, 23L, OPA-4, and OPB-15, respectively). In this way, a total of 10 different profiles were distinguished. The majority of the isolates studied (48 of 62) had a single major profile (profile AAAAA). The other 14 strains were distributed into nine minor profiles, as follows: one profile accounted for 3 strains, three profiles accounted for 2 strains each, and five profiles each accounted for a unique isolate.
The profile variation was less pronounced among strains isolated from human sources than among avian isolates. Whereas 36 of 40 (90%) strains isolated from humans had the (Table 1) . Isolates from every year had major profile AAAAA, albeit in different proportions. Antibiotic susceptibility. Of the 62 strains analyzed, 56 were susceptible to all antibiotics assayed and the other 6 showed some resistance. Two strains were resistant to nalidixic acid and susceptible to all other antibiotics tested. Both of them were isolated from nonhuman sources, the first in 2000 and the other in 2001, and they had different RAPD profiles (AAEDC and AAAAA, respectively). The other four strains showed the same pattern of resistance: resistance to ampicillin, cephalothin, cefoxitin, amoxicillin-clavulanic acid, and ampicillin-sulbactam; intermediate to cefuroxime; and susceptibility to all other tested drugs. All of them produced inducible ␤-lactamases active against cefuroxime but none of them seemed to produce any ␤-lactamase activity against extended-spectrum cephalosporins. These four strains were found among eight strains isolated from eggs in 2001 and 2002 and showed two different RAPD profiles (FFGGF for two strains and GGHHG for the other two) that were not found in human isolates. Table 1 summarizes these results. Analysis of GRS isolates. Twenty-one strains isolated during 2001 and 2002 from both commercial eggs and human gastroenteritis cases were evaluated as a group of related strains. Most human isolates (11 of 13) and 2 of 8 egg isolates had the major RAPD profile (AAAAA). However, four other peculiar genotypes were recognized among the remaining strains in the GRS group. Profile DDFEE was seen in three strains (two from humans and one from eggs), whereas the other three profiles were exclusively found in strains isolated from eggs (EEGFF in one strain and FFGGF and GGHHG in two strains each). As mentioned above, four of eight egg-derived strains were resistant to ␤-lactam antimicrobials.
These 21 strains were also subjected to phage typing and analysis of protein expression. Phage typing classified 10 strains as PT 4 (all of them from human cases) and the other 11 strains as PT 4b (8 from eggs and 3 from human sources). The protein expression profiles obtained by the use of two different preparations discriminated six different OMP fraction profiles (profiles I to VI) and seven HE fraction profiles (profiles 1 to 7) (Table 3 ). Figure 2 shows examples of the profiles obtained with each preparation.
DISCUSSION
We have conducted the first molecular study of S. enterica serovar Enteritidis isolates in Uruguay to look for insights into the genetic diversity of strains that have been circulating in the country since 1995, the starting date for a local shift in the epidemiological behavior of salmonellosis. We applied RAPD-PCR as a subtyping technique and also analyzed the antibiotic susceptibilities of all strains studied.
It has been argued that PCR-based typing methods may lack the sensitivity and reproducibility necessary to be used routinely in epidemiological research and that they cannot stand 
FIG. 1. Examples of amplification patterns obtained with primer 23L (A), primer OPA-4 (B)
, and primer P1254 (C). Amplification patterns other than the major one are indicated with vertical arrows. Horizontal arrows mark the boundaries of the working range (200 to 2,000 bp), as described in Results. Lanes L, 100-bp ladder.
as reference techniques due to their inability to separate artifact variations from true polymorphisms (22, 23, 49) . However, it has been postulated that RAPD analysis may have good discriminatory power for the differentiation of Salmonella strains (5, 7, 12, 14, 45, 47), and some investigators have also reported that RAPD analysis has greater discriminatory power than PFGE for the differentiation of Salmonella serovar Enteritidis strains (17, 32) . In our study, we used five different primers that have previously been reported (24) to have good discriminatory power when they are used for RAPD analysis of Salmonella serovar Enteritidis strains. Working with these primers and the criteria for experimentation and analysis proposed herein, we have found that RAPD-PCR yields highly reproducible results that discriminate true polymorphisms beyond serotype and PT. Although the band patterns for a particular strain may include one or more bands that differ in intensity between assays, each strain was always classified within the same RAPD group.
We did not calculate Simpson's index of diversity for the method, since we considered that the strains used in this study could not have been defined as unrelated. The characteristic of these strains, i.e., isolation in a small country with no important geographical barriers, precluded us from making such an assumption. However, comparative analysis of the results obtained by RAPD analysis and the phenotyping tests provided strong evidence of the reliable discriminatory power of RAPD-PCR, beyond phenotypic characteristics. Four strains isolated from eggs showed the same pattern of ␤-lactam resistance and belonged to a single unusual PT (PT 4b) (Table 3) . However, RAPD analysis divided them into two groups (strains S7 and S8 and strains N11 and N12). Interestingly, these strains have unique RAPD profiles that were not present in any other strains studied, and each of the two groups could be traced to a single farm.
Two strains exhibited resistance to nalidixic acid and had different RAPD profiles, despite their similar animal origins. One of them was classified in the major RAPD group, suggesting that mutations that produce this resistance pattern do not affect the RAPD profile. We further demonstrated this fact by subjecting several strains to antibiotic pressure in order to induce a nalidixic acid-resistant phenotype and showing that their RAPD patterns with any of the five primers were not altered by this procedure (data not shown). The most frequent mechanism of resistance to nalidixic acid involves a single mutation in the gyr gene, which codes for DNA gyrase (11), and thus would not be detected by RAPD analysis. Similar results have recently been reported in a study in which RAPD analysis of more than 400 strains with a single primer classified most of the drug-susceptible strains and the nalidixic acidresistant strains in a single RAPD profile and the ampicillinresistant strains in a different profile (45) .
Two human isolates each had unique RAPD profiles (profiles AADCA and CCCAA, respectively), and those profiles were not found in samples of animal origin. Interestingly, these two strains were from distinct cases. One of them (strain 80/98) was isolated from a bone aspirate of a patient with osteomyelitis, and the other (strain 14/98) was isolated from a stool culture of a patient who had recently arrived from abroad, confirming that the technique differentiates unrelated or peculiar isolates.
The group of 21 strains considered epidemiologically related was also evaluated by phage typing and protein expression analysis. Phage typing revealed two different PTs: PT 4, which was only found for human isolates (10 strains), and PT 4b, which included all strains recovered from eggs and 3 human isolates. However, evaluation of the same GRS group of strains by RAPD analysis discriminated two and five different profiles among the PT 4 and PT 4b isolates, respectively (Table  3) , and in many cases those differences in RAPD profiles were associated with differences in protein expression. Some protein expression profiles were exclusively observed among strains with the major RAPD profile (OMP fraction profiles I to III and HE fraction profiles 1 to 3), whereas the other profiles were observed among egg and human isolates that had other RAPD profiles (Table 3) . Two human strains recovered from a single outbreak (strains 65 and 66) had the same RAPD profile (DDFEE) that was also found for an egg isolate (strain S1). These three strains were grouped together because they had the same OMP and HE fraction profiles and may be considered closely related; but whereas both human isolates belonged to PT 4, the egg isolate belonged to PT 4b. PT 4b is a very rare group (50) , and to the best of our knowledge it has not been previously reported to have been isolated from eggs. Classification into PT 4b is due to the presence of an extra phage receptor (52) , and PT variation during circulation in the field has been reported for Salmonella serovar Enteritidis (2, 41) . The results could suggest that the absence of such a receptor may represent an advantage for transmission of the strain to humans, and in this regard, it would be interesting to conduct further genetic analyses or virulence assays with these otherwise identical strains. Altogether, the results presented here allowed us to conclude that RAPD analysis can be a useful tool for the analysis of Salmonella serovar Enteritidis, provided that strict experimental protocols are maintained. RAPD-PCR yields reproducible results in different assays, even with different operators. Although the establishment of an international library based on RAPD analysis of the strains could prove difficult due to low intercenter reproducibility (10), the method might be used as a cost-effective tool for molecular epidemiology research in intracenter studies.
On the other hand, our results suggest that the strains circulating in Uruguay are unevenly distributed among different subtypes, with the vast majority of isolates having a single major genetic profile. The genetic diversity observed was markedly greater among strains of animal origin than among human isolates. Most of the strains of human origin (36 of 40) had the major RAPD profile, whereas almost half of the strains from animals or poultry-derived food (10 of 22) had distinctive profiles distributed among seven different minor genotypes. This provides a picture different from that presented in studies in which a balanced distribution of different genotypes has been found, as evaluated by either RAPD analysis, ribotyping, or PFGE (8, 23, 24) . The high degree of homogeneity among Salmonella serovar Enteritidis isolates has also been described in studies in which all strains analyzed belonged to a single PT, particularly PT 4 (21, 27) . In our study, we found that most human isolates belonged to PT 4. Also, a group of strains from the first two outbreaks in 1995 were phage typed at that time at the Central Public Health Laboratory in the United Kingdom, and all of them belonged to PT 4. This could suggest that the predominance of a single genetic profile among human isolates in Uruguay may be related to the high rate of occurrence of PT 4.
Among the seven different minor genetic types found for strains of animal origin, only one (profile DDFEE; Tables 2  and 3 ) was also found in human strains. This may indicate a restrictive pattern of transmission to humans due to differences in pathogenicity or to uneven survival capacities in the environment. Further research directed toward the comparative analysis of the virulence attributes of these strains could provide a basis for understanding this phenomenon.
Several strains with some antibiotic resistance were recovered from chicken eggs or chicken-containing food. Four of six antibiotic-resistant strains showed the same patterns of resistance to ␤-lactams. The most frequently described ampicillin resistance mechanism is inactivation of the drug by ␤-lactamases, encoded by bla genes, which may be located either on plasmids or on the chromosome (6). The strains from this study showed inducible ␤-lactamase production, suggesting that they may carry a mechanism of regulation of ␤-lactamase expression similar to the AmpC-AmpR mechanisms encoded by the chromosomes of some enterobacteria (26) . Salmonella resistance is usually due to class A ␤-lactamases (Ambler classification) (30) or noninducible plasmid-encoded AmpC-like ␤-lactamases (39), but the transfer of AmpC-AmpR from Mor- ganella morganii to Salmonella serovar Enteritidis has recently been reported (1, 51) . Preliminary studies in our laboratories revealed that the ␤-lactam resistance pattern found in our strains is due to an enzyme with an isoelectric point near 8, similar to those described by Barnaud et al. (1) . However, our strains remained susceptible to oximinocephalosporins. Further studies are necessary to characterize this ␤-lactamase activity in Salmonella. In summary, our results suggest that an endemic strain of Salmonella serovar Enteritidis is circulating in Uruguay and that it is present in poultry-derived food and is transmitted to humans, causing enteric disease. Several other genotypes are also present in poultry, but only a few of them could be recovered from human sources. Overall, the results suggest the existence of different pathogenic traits among the strains.
These results provide information that could help define effective national control policies and stress the importance of using carefully designed epidemiological surveys that evaluate strains at the molecular level.
